T7 early mRNA produced by a gene 1 amber mutant phage, T7 am27, is chemically stable in terms of acid insolubility and T7 DNA hybridizability. However, the messenger activity of individual T7 early mRNA species, transcripts of gene 1, gene 0.7, and gene 1.3, decay with a half-life of about 6.5 min at 30 C. An extensive secondary structure is present in all T7 early mRNA species and is probably responsible for the chemical stability of the RNAs after the loss of functional activity. It is unlikely that ribosomes protect T7 early mRNA from nucleolytic degradation.
We have previously shown that bacteriophage T7 early mRNA is functionally unstable and decays rather rapidly, although the same RNA is chemically stable in terms of acid insolubility and T7 DNA hybridizability (9, 10) . This functional instability seems sufficient to explain why late in T7 infection only late proteins are produced in the presence of chemically stable early mRNA together with late mRNA, since discriminatory translational control against early mRNA in favor of late mRNA (1, 5) has not yet been found in T7-infected host Escherichia coli F-cells (Y. Yamada and D. Nakada, J. Mol. Biol., in press). Here we report our finding of the presence of an extensive secondary structure in T7 early mRNA which is probably responsible for the chemical stability of the RNA.
Radioactive T7 early mRNA samples were prepared from UV light-irradiated E. coli D10 F-cells infected with T7 am27 (a gene 1 amber mutant which does not make T7-specific RNA polymerase and, consequently, late mRNA) and labeled with [3H]uridine. Rifampin was added 8 min after infection. Soon after the addition of rifampin, the synthesis of radioactive T7 early mRNA, in terms of acid insolubility and T7 DNA hybridizability, slowed and stopped but the accumulated RNA remained stable, as shown previously (9) . The messenger activity of the accumulated total T7 early mRNA extracted from the cells showed a rapid decay with a half-life about 6.5 min at 30 C when tested in directing in vitro protein synthesis as previously reported (9, 10) . Figure 1 shows the electrophoretic profiles of T7 early mRNAs in acrylamide-agarose-SDS (sodium dodecyl sulfate) gels (A, B, and C) and in nonaqueous formamide-acrylamide gels which denature RNA molecules (D, E, and F).
In acrylamide-agarose-SDS gels, gene 1 mRNA, gene 0.7 mRNA, gene 1.3 mRNA, and a mixture of gene 0.3 and gene 1.1 mRNAs were well separated (Fig. 1, A , B, and C) and they were designated as peaks I, II, III, and IV (3, 4, 8) . Formamide-acrylamide gel electrophoresis was carried out by the method of Staynov, Pinder, and Gratzer (7). With RNAs of known length, we have confirmed that under the conditions used the electrophoretic mobility of RNA molecules is proportional to the molecular weight. From the gel profiles in Fig. 1 , we conclude that T7 early mRNAs have an extensive secondary structure similar in extent to that ofE. coli ribosomal RNAs. This conclusion was reached on the basis of the mobilities of the early mRNAs relative to ribosomal RNAs in nondenaturing and denaturing conditions (compare Fig. 1A and D) . E. coli ribosomal RNAs are known to have an extensive secondary structure involving 60 to 70% of the total bases in the RNA (2) .
At 20 min after T7 infection (12 min after rifampin addition), at which time total T7 early mRNA has lost messenger activity, individual mRNA species still remain as large size RNAs (Fig. 1C ) even under denaturing conditions in formamide-acrylamide gel (Fig. iF) . However, these RNA species were found to be functionally inactive when tested individually in directing codon-specific f-Met-tRNAf binding to ribosomes.
Functional decay of individual T7 early mRNA species is shown in Fig. 2 . For this experiment, T7 early mRNA samples, prepared at different times after the addition of rifampin at 8 min of T7 infection, were electrophoresed in' acrylamide-agarose-SDS gels. Individual mRNA species were eluted from the gel slices at respective peak positions as shown in Electrophoretic patterns of T7 early mRNA in acrylamide-agarose-SDS gels (A, B, and C) and in formamide-acrylamide gels (D, E, and F). UV-irradiated E. coli D10 F-cells were infected with T7 am27 phage at a multiplicity of10 at 30 C as described previously (9, 10) and labeled with [3H]uridine (20 pACi per 1 pg/ml). Rifampin was added 8 min after infection and RNA was prepared from the cells withdrawn 8, 10, and 20 min after infection. RNA samples (about 5 x 105 counts/min per sample) were mixed with [14C]uracillabeled total E. coli RNA and subjected to electrophoresis in 2.5% acrylamide-05% agarose-0.2% SDS gels (A, B, and C) for 165 min at 5 mA per gel (4) and in formamide-3.6% acrylamide gels for 280 min at20 V per cm (7) . Gels were sliced and radioactivity ofeach slice was counted. The direction ofelectrophoresis was from left to right in the figure: A and D, T7 am27 RNA 8 figure) . At indicated times thereafter, aliquots of the culture were withdrawn and RNA was prepared from each sample. RNA was electrophoresed in acrylamide-agarose-SDS gels as described in Fig. 1 , and gel slices comprising each peak (peaks I through IV) were pooled. RNA was eluted from the pooled gel slices and used as messenger to direct f-Met-tRNA binding to ribosomes. The assay mixture, in a total volume of 0. (Fig. 2A, B, (Fig. 2D ), but the reason for this observation is not known.
Gene 1 mRNA was eluted from acrylamideagarose-SDS gel after electrophoresis of total T7 early mRNA and was subjected to re-electrophoresis in acrylamide-agarose-SDS gel and in formamide-acrylamide gel. Figure 3 [3Hluridine-labeled T7 early mRNA was prepared from UVirradiated, T7am27-infected cells treated with rifampin at8 min after infection. RNA samples, prepared from the cells 8 and 20 min after infection, were subjected to electrophoresis in acrylamide-agarose-SDS gels as shown in Fig. 1. [3H]uridine-labeled gene 1 mRNA was eluted from the peak I region ofgel slices and mixed with [14C]uracil-labeled marker E. coli RNA. The RNA mixture was subjected to electrophoresis in acrylamide-agarose-SDS gels (A and B) and in formamide-acrylamide gels (C and D) as described in Fig. I . The direction ofelectrophoresis was from left to right. The 8-min gene 1 mRNA represents the functionally active form ( Fig. 2A, time 0) and the 20-min gene 1 RNA represents the inactive form ( Fig. 2A, 12 min electrophoretic profiles of gene 1 mRNA iso-23S ribosomal RNA (Fig. 3A and B) with the 23S RNA ( Fig. 3C and D) . The results indicate that the 20-min RNA which has lost messenger activity ( Fig. 2A, 12 min after rifampin) is slightly smaller in size than the 8-min RNA which is functionally active (Fig. 2A, 0  min) and that the inactive 20-min RNA still contains an extensive secondary structure. Because messenger activity in directing fMet-tRNA binding depends on the presence of the initiation codon at or near the 5'-end of messenger RNA, it may be suggested that the 20-min RNA has lost a small nucleotide sequence at or near the 5'-end of the RNA molecule. The removal of a small sequence from the 5'-end region of RNA may be a common primary inactivation step involved in the functional decay of all T7 early mRNA species. The secondary structure in all individual T7 early mRNA species reported here is probably responsible for the chemical stability of the RNAs after the loss of functional activity.
Finally, we briefly describe an experiment in which polysome patterns of T7-infected cells after the addition of rifampin to halt new RNA synthesis were analyzed. T7 early mRNA-specific polysomes decayed rapidly at a similar rate as polysomes of uninfected cells after the addition of rifampin. When a 1-min pulse of [3H]uridine was given after 4 min of T7 infection, about 60% of T7 DNA-hybridizable RNA was associated with polysomes ( Fig. 4A , gradient region I). After the addition of rifampin at 5 min and an additional incubation for 12 min (17 min after infection), polysomes had disappeared and only 6% of total T7 DNA-hybridizable RNA was found in the polysome region (Fig.  4B. gradient region I ). On the other hand, about 70% of T7 DNA-hybridizable RNA was recovered in the gradient region III (Fig. 4B) containing materials sedimenting slower than the 70S ribosomes. Therefore, we would like to eliminate the possibility that ribosomal protection is the reason for the chemical stability of T7 early mRNA.
